ATPase as a signal transducer. The trophotropic effects of the investigated agents specifically control the heart remodeling phenomenon.
ABSTRACT
Endogenous digitalis-like factors were found in the mammalian and human blood. It was the starting point for the elucidation of the new non-pumping function of the Na + ,K + -АТPase. It was previously well-known that Na + ,K + -АТPase is a pharmacological target receptor for cardiac glycosides (Skou 1957) . We have investigated the trophotropic effects of such agents as ouabain, epinephrine, norepinephrine, atenolol and comenic acid using the organotypic tissue culture combined with the reconstruction of optical cross sections and confocal microscopy. It was shown that the growth zone of organotypic culture forms a multidimensional structure. Our results indicate that the cardiac glycoside ouabain applied in endogenous concentrations (10 -8 , 10 -10 M) can modulate transducer function of Na + ,K + -АТPase and control the cell growth and proliferation. It was also shown that Src-kinase is involved in "endogenous" ouabain activated intracellular pathways as a series unit. Epinephrine (10 -9 -10 -14 М) and comenic acid (10 -6 -10 -10 М) were demonstrated to modulate the growth of 10-12-day-old chicken embryo cardiac tissue explants in a dose-dependent manner. Epinephrine and comenic acid regulate growth and proliferation of the cardiac tissue via receptor-mediated modulation Na + ,K + -D r a f t
Introduction
Digitalis has been used to treat chronic heart failure for a long time. It was not clear how phytochemicals regulate functions in the human body. Endogenous ouabain was discovered in the blood of warm-blooded animals and humans only in the 90s of the 20th century (Hamlyn et al. 1991) . Na + ,K + -ATPase represents the only target for digitalis-like factors. After the discovery of endogenous digitalis-like agents it has become evident that Na + ,K + -ATPase has functions that are not directly related to ion transport (Aperia 2007) .
Therefore, Na + ,K + -АТPase has been considered as a pharmacological receptor for endogenous digitalis-like factors and cardiac glycosides (Doris and Bagrov 1998; Hamlyn et al. 1991) . Na
ATPase is involved in the modulation of nociceptive signals (Lopatina et al. 2012) . A new mechanism of membrane signaling was discovered in the membrane of sensory neurons dorsal root ganglia of mammals. It was proved that the Na + ,K + -ATPase functions as a signal transducer in the system: opioid-like receptor-Na + ,K + -АТPase-Na v 1.8-channel (Krylov et al. 2000) . Using the patch clamp method was found that comenic acid is able to selectively modulate the voltage sensitivity of Na V 1.8 channels. Comenic acid does not switch on the opioid-controlled signaling cascades. It activates a novel additional nociceptive opioid-like-receptor-coupled mechanism that does not involve G-proteins.
Patch-clamp and quantum-chemical data indicate that comenic acid interact with the opioid-like receptor in a form of Ca 2+ chelate complex, thus decreasing the voltage sensitivity of Na V 1.8 channels.
A decrease in excitability of primary and secondary neuron membranes due to receptor-coupled action of comenic acid results in pain relief at both spinal and supraspinal levels, as shown with the hot-plate and formalin tests. A new analgesic anoceptin containing comenic acid as an active substance.
(Plakhova et al. 2014).
It was supposed, that ouabain is a new stress hormone (Schoner and Schiener-Bobis 2005), since ouabain synthesis is increased in the hypothalamus, pituitary and adrenal cortex in response to stress (Bagrov and Shapiro 2008) .
The term signal transducer describing the possible involvement of Na + ,K + -ATPase in the regulation of cell growth and expression of different genes was first used in 1999 (Xie 2001). The interaction ouabain with Na + ,K + -ATPase leads to activation of Src kinases, the formation of the receptor-tyrosinekinase complex and the launch of various signaling cascades, including that leading to increase of reactive oxygen species (Aperia 2007) . Being a signal transducer, Na + ,K + -АТPase controls cell growth and proliferation (Kipenko et al. 2009; Lopatina et al. 2005 Lopatina et al. , 2008b Panniiaĭnen et al. 2003; Schoner 2002a Schoner , 2002b Xie 2001) . In low concentrations ouabain increase the synthesis of proteins, cell size, stimulates the process of cell division. Effect of ouabain revealed similarities with other hypertrophy factors that regulate cardiac growth (Doris and Bagrov 1998; Ferrandi et al. 2004 ).
Catecholamines and angiotensin II modulate the synthesis of endogenous ouabain in the adrenal cortex (Dmitrieva and Doris 2003) . Specific modulatory effects of catecholamines on the cell growth and proliferation have never been thoroughly investigated.
The purpose of the research: To investigate the non-pumping function of Na + ,K + -ATPase in heart remodeling. To demonstrated elucidation of trophotropic effects of endogenous and exogenous substances on membrane receptor or transducer. To demonstrate elucidation of trophotropic effects of endogenous and exogenous substances on membrane receptor or transducer.
MATERIALS AND METHODS

Animal preparation
The 10-12-day old White Leghorn chicken embryos provided by Sinyavino Poultry (Leningrad Region, Russia) were used in the study. Cardiac tissue explants were obtained by extirpation from the ventricle of heart.
The study was approved by the local Ethics Committee (N 140113), in compliance with the Helsinki Convention for the protection of rights of animals.
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Organotypic tissue culture
Studies were performed on 2200 explants (110 chicken embryos; 20 explants from every ventricle of heart). Cardiac tissue explants were cultured for three days on collagen supports in Petri dishes at 37 °C with 5% CO 2 in the standard CO 2 -incubator (Sanyo, Japan). Each Petri dish contained approximately 20 explants.
The growth of explants in tissue culture was controlled on vital preparations using a confocal laser scanning microscope LSM-710 (Carl Zeiss, Germany). The preparations were also visualized by a television microscope attachment Axiostar Plus (Carl Zeiss, Germany).
In the course of vital microscopic examination two zones could be observed in the explants after three days of culturing: the central zone (more dense) and a less optically dense growth zone, which surrounds the central zone ( Fig. 1 ). In both control ( Fig. 2 ) and experimental explants the growth zone comprised mostly proliferating cardiomyocytes (65-70%), as well as fibroblasts (up to 35%). We have further investigated the influence of endogenous (epinephrine, norepinephrine, ouabain) and exogenous (comenic acid) signaling compounds on the growth of chicken embryos cardiac tissue explants.
The area index (AI) was used to estimate the explants growth. It was calculated in relative units as a ratio of total explant area to the central zone area (Fig. 1) . The AI value was taken as 100% in the control experiments.
Culture medium рН 7,4; 45% -Hank's solution; 40% -Eagle's medium; 15% -fetal cow serum;
supplemented with glucose (0,6%), insulin (0,5 ED/ml), gentomycin (100 ED/ml), glutamine 
Differential interference contrast (DIC) microscopy
A PlasDIC-contrast was used for better visualization of organ cultures growth in plastic Petri dishes. The PlasDIC-contrast method, also known as DIC-microscopy, in experimental work with plastic dishes. For the best possible image contrast the correction for Petri dish bottom thickness was set at 1 mm (objective lens Carl Zeiss) was experimentally established. Standard protocol (for glass dishes) -correction was set at 0.17 mm. We used inverted optical microscope Axio Observer Z1
(Carl Zeiss, Germany). 
Method of the optical cross-section reconstruction
The use of confocal microscope allows not only for 3D reconstruction of the investigated tissue explants, but also registers the formation of cell layers at different levels, to change the thickness of the emerging growth area, and to compare the data obtained in pharmacological effects with the data of control experiments.
For data analysis we used a special criterion -the thickness of the growth zone, measured in microns and the method of reconstruction of optical cross-sections. Other approaches are not usable to assess synthetic processes in the developing growth zone of layer-by-layer growth. It should be noted that until recently it was believed that the cells of the growth zones represent a monolayer D r a f t
(Lopatina et al. 2015). The thickness of the growth zone in control experiments was approximately
15 µm (Fig. 2) .
Statistical analysis
Cardiac tissue explants growth was quantified using the ImageJ software.
The data were processed with STATISTICA 8.0 and Student's t-test at p<0.05.
RESULTS
Epinephrine was tested in a wide range of concentrations from 10 -9 M to 10 -14 M .The effect of epinephrine was dose-dependent ( In the presence of β 1 -adrenoreceptors blocker atenolol (10 -4 M) the stimulatory effect of catecholamines was absent (Fig. 4) . We hypothesized that β 1 -adrenoreceptors were involved in mediation of adrenergic trophotropic effects observed in our experiments (Fig. 4) .
The results of experiments with the culture medium containing epinephrine (10 -12 М) or norepinephrine (10 -12 М) together with ouabain (10 -8 М) indicate that the trophotropic effect of epinephrine and norepinephrine is likely to result from modulation of Na + ,K + -ATPase signaling function via β 1 -adrenoreceptors (Fig. 5) . Probably, catecholamines control the non-pumping function of Na + ,K + -АТPase in receptor-coupled manner via β 1 -adrenoreceptors (Fig. 6 ). Src inhibitor PP2 in wide range concentration (60х10 -6 -10 -8 М) dose-dependently regulated the growth of explants of cardiac tissue (Fig. 7a) . Src inhibitor PP2 (10 -8 M) has no effect on the growth of the cardiac tissue explants. In the presence of Src inhibitor PP2 (10 -8 M) stimulating effect of ouabain (10 -10 M) was absent. Src-kinase is involved in ouabain-induced modulation of heart remodeling ( Fig. 7a, b) .
Effect of comenic acid on the growth of cardiac tissue explants was evaluated in a concentration range from 10 -6 to 10 -10 М (Fig. 8a) . At a concentration of 10 -6 M comenic acid increased the growth of explants by 40% (Fig. 8a) . In the growth zone cardiac tissue explants of 10-12-day old chicken embryo cardiomyocites and fibroblasts were observed as in control experiments (Fig. 9 ). Comenic acid (10 -7 M) stimulated the growth of explants of the cardiac tissue by 17% in relation to control value. In concentration of 10 -8 M and 10 -10 M comenic acid on the growth of explants of the cardiac tissue is not affected. Therefore, the action of a substance was a dosedependent.
In order to clarify the role of Na + ,K + -ATPase in the observed effects of the comenic acid a special series of experiments was carried out. Ouabain (10 -8 M) was added to the culture medium together with comenic acid (10 -6 M). While 10 -8 M ouabain alone completely blocked the growth of explants, comenic acid eliminated this inhibitory effect of ouabain. Area index of the experimental explants did not differ from the control value (Fig. 8b) . The latter indicates that the comenic acid modulates the non-pumping function of Na + ,K + -ATPase not directly, but indirectly through the receptor. The Area Index value was taken as 100% in the control experiments.
* -p<0.05. Significant differences from control 
